Chronic stress and depression are challenging conditions to treat, owing to their complexity and lack of clinically available and effective therapeutic agents. The aim of the present study was to investigate the mechanism by which berberine acts, by examining alterations to gastrointestinal tract histopathology and flora profile in a rat model, following the induction of stress. Research associating gastrointestinal flora and depression has increased, thus, the present study hypothesized that stress induces depression and changes in the gastrointestinal system. The chronic mild stress rat model was previously established based on a set of 10 chronic unpredictable stress methods. In the present study, the measurements of body weight, behavior, gastrointestinal tract histopathology and gastrointestinal flora profile were collected in order to elucidate understanding of chronic stress and depression in this region. In the present study, induced stress and the resulting depression was demonstrated to significantly decrease the body weight and sucrose preference of rats, as well as significantly increasing traverse time, vertical movement time, grooming time and motionless time in an open-field test. Following modeling and subsequent treatment with low or high doses of berberine, the measurements were significantly different when compared with unstressed rats. Berberine appears to reverse the physical damage brought about by stress within the gastric mucosa and intestinal microvilli of the stomach, ileum, cecum and colon. Using enterobacterial repetitive intergenic consensus sequence-based polymerase chain reaction analysis, several distinctive bands disappeared following modeling; however, novel distinctive bands appeared in response to the graded berberine treatment. In conclusion, the present study identified that high concentrations of berberine markedly protects rats from various symptoms of chronic stress and depression, with the potential of facilitating treatment within clinical practice.
Introduction
Stress is a systemic non-specific adaptive response, and is characterized as an inappropriate response to a variety of stimuli generated by environmental and psychological factors. These stimuli are divided into acute and chronic stress, according to the duration and intensity of episodes (1) (2) (3) (4) . Acute stress is a condition lasting between several min and h, whereby the body suffers a rapid and severe psychological trauma. In addition, it is characterized by a psychomotor excitement with a heightened response to fear and behavior blindness. These symptoms disappear following the removal of the stimulus (5) (6) (7) (8) . By contrast, chronic stress is a response of body to long-duration, uncontrollable emotional pressure, and presentation of high blood pressure, muscle tissue damage, growth inhibition, immune system suppression and metal health damage (9) (10) (11) (12) . The disease has been become a common issue clinically as a result of its complexity (13) (14) (15) .
Numerous individuals become plagued with a variety of stresses in day-to-day life that risk damaging wellbeing, which, if not correctly treated, frequently leads to diagnoses of depression and chronic stress (13) (14) (15) (16) (17) (18) . As a common and multifactorial condition, depression exhibits the characteristics of repeated attack, not only affecting the patient, but also having an impact on those surrounding the patient (19) (20) (21) . The gastrointestinal digestive system is the most susceptible system to environmental effectors, particularly the gastrointestinal tract and gastrointestinal flora, and it is easily disturbed when subjected to surrounding aversive stimuli (22) (23) (24) (25) (26) .
Effects of berberine on a rat model of chronic stress and depression via gastrointestinal tract pathology and gastrointestinal flora profile assays
The present study used a rat model of chronic stress and depression (16, 27) to investigate the gastrointestinal tract histopathology and gastrointestinal flora profile. As a result of the previously identified antidepressant and neuroprotective effects of berberine on neurodegenerative disorders, it was hypothesized that it may have implications on the treatment on chronic stress and depression.
Materials and methods
Establishment of rat chronic stress depression model and drug intervention. A total of 60 adult specific pathogen-free Sprague Dawley rats (male; weight, 200-220 g; age, 2 months) were purchased and raised at the Laboratory Animal Center of the Academy of Military Medical Sciences of the People's Liberation Army (Beijing, China). They were maintained at 25±2˚C in a humidity of 40-60% under a 12-h light/dark cycle. The rats were randomly divided into the following six groups (n=10/group): Normal group (regularly breeding), model group (subject to 10 stress approaches, according to the previous literature on chronic unpredictable stress), low berberine group (40 mg/kg/day), high berberine group (200 mg/kg/day), bifidobacterium group (140 mg/kg/day) and fluoxetine group (2 mg/kg/day). The aforementioned 10 stress approaches (16, 27) included fasting for 24 h, water deprivation for 24 h, tail nipping (1 cm from end of tail) for 5 min, day and night inversion for 24 h, 4˚C cold water swimming for 5 min, 45˚C environment for 5 min, damp bedding for 24 h, 45˚ sloping of floor for 24 h, behavior constraint for 4 h and horizontal vibrating (60 Hz) for 45 min. One method was selected daily and the interval between similar stress approaches was at least 7 days. Prior to modeling with each chronic unpredictable stress method, the rats were treated with either 2 ml of a low concentration of berberine (40 mg/kg/day), a high concentration of berberine (200 mg/kg/day), bifidobacterium (140 mg/kg/day) or fluoxetine (2 mg/kg/day). The normal and model groups were treated with an equal volume (2 ml) of 0.9% saline. The rat body weights were recorded and the rats were subsequently subjected to an open field test, forced swimming test and sucrose preference test. The present study was approved by the Ethics Committee of the Academy of Military Medical Sciences of the People's Liberation Army.
Behavioral evaluation
Open field test. The open field test was performed in a quiet and dark environment, and rat behavior was examined prior to and following modeling. The rats were placed in a homemade open field box (opaque; height, 40 cm; base, 80x80 cm) that was equally divided into 25 squares, left uncovered at the top and painted black inside. Each test lasted 5 min for each measurement. The three measurements collected included traversing time, vertical movement and grooming times. These data were followed up using statistical analysis.
Forced swimming test. Prior to the forced swimming test, the rats were placed into a homemade forced swimming cylinder (diameter, 30 cm; height, 30 cm; water temperature, 23±2˚C; water depth, 25 cm) and were preconditioned for 15 min prior to having excess water removed with a towel. After 24 h, forced swimming was recorded for 6 min, followed by recording the motionless time for 4 min. Motionless time was characterized as rats stopping thrashing in the water, where their limbs had a slight motion in order to keep afloat.
Sucrose preference test. Prior to performing the sucrose preference test, the rats were divided into one per cage and fed an equal volume of 1% sucrose (two flasks, 200 ml/flask) to precondition for 24 h. Following 24 h water deprivation on day 28, an equal volume of 1% sucrose and water (one flask in each, 200 ml/flask) was fed to the rats, and the volume of residual liquid was measured in order to calculate the total liquid consumption, sucrose consumption and water consumption. The sucrose preference was calculated based on the formula: Sucrose preference=(sucrose consumption/total liquid consumption)x100%. Subsequently, the rats underwent cervical dislocation and the stomach, ileum, cecum, colon and gastrointestinal contents were collected. The tissues of stomach, ileum, cecum and colon were sliced at a thickness of 3-5 µm, and hematoxylin and eosin (H&E) staining was performed. The different contents of the stomach, ileum, cecum and colon were separated, and the genomic DNA was extracted prior to analysis by enterobacterial repetitive intergenic consensus sequence-based-polymerase chain reaction (ERIC-PCR).
HE staining. The slides were deparaffinized, rehydrated and frozen or vibratome sections were mounted on slides and rehydrated. The sections were stained with hematoxylin for ~3-5 min, depending on the thickness of the section and fixative (up to 20 min if the solution was not fully ripened), and excess stain was removed using tap water. The sections were destained for a few sec in acid alcohol until the sections appeared red. The sections were briefly rinsed in tap water to remove the acid. Sodium bicarbonate was applied for ~2 min until the nuclei were clearly visible in blue. The H&E-stained slides from the final rinse with tap water were placed in 70% ethanol for 3 min, and then in eosin for 2 min. The slides were subsequently submerged three times in 95% ethanol for 5 min, prior to being transferred to absolute ethanol. The images were captured using a microscope connected to a CCD camera. Extraction of gastrointestinal genomic DNA. The genomic DNA of the stomach, ileum, cecum and colon was extracted from rats using a genomic DNA Extraction kit (Promega Corporation, Madison, WI, USA), according to the manufacturer's protocol. A total of 180-200 mg tissue was weighed and mixed with 1.4 ml GSL buffer (Promega Corporation) for 1 min. Following this, the solution was incubated in a 70˚C water bath, vortexed for 15 sec and centrifuged at 12,000 x g at room temperature for 1 min. The supernatant was removed and transferred to a 2 ml eppendorf tube and an inhibitor adsorption piece was added for incubation for 1 min at room temperature, and this was centrifuged at 12,000 x g for 3 min. The supernatant was removed and transferred to a 1.5 ml eppendorf tube with an inhibitor adsorption piece to incubate for 1 min at room temperature, and was centrifuged at 12,000 x g for 3 min. The supernatant was eluted and transferred into a 1.5 ml eppendorf tube once again, and 15 µl proteinase K and 200 µl GB buffer were added and vortexed for 15 sec prior to incubation in a 70˚C water bath for 30 min. A total of 200 µl ethanol was added and the solution was vortexed, and subsequently transferred to a CR 2 column (Promega Corporation), where it was centrifuged at 13,000 x g for 30 sec at room temperature to discard the centrifugate. A total of 500 µl GD buffer (Promega Corporation, Madison, WI, USA) was added and centrifuged at 10,000 x g for 30 sec at room temperature to discard the centrifugate. The CR 2 column was transferred to a new collection tube and 50 µl TB washing buffer (Promega Corporation) was added at room temperature for 2-5 min, and the samples were centrifuged at 10,000 x g for 2 min at room temperature. The eluent was collected and its concentration was determined using ultraviolet spectrophotometry.
ERIC-PCR amplification of gastrointestinal flora profile.
The extracted genomic DNA was used as a template to perform ERIC-PCR using the following primers: ERIC-1 (forward), 5'-ATG TAA GCT CCT GGG GAT TCAC-3' and ERIC-2 (reverse), 5'-AAG TAA GTG ACT GGG GTG AGCG-3'. 
Results
Berberine, like bifidobacterium and fluoxetine, significantly increases rat body weight following chronic stress modeling. The body weight of rats increased following modeling using the 10 unpredicted stress methods in all experimental groups. Prior to modeling, all drug intervention groups (low berberine, high berberine, bifidobacterium and fluoxetine) exhibited no significant differences in weight compared with each other. Table II ). As expected, behavioral tests indicated chronic stress induced depression in the rats.
Chronic stress modeling significantly increases motionless time, and berberine, bifidobacterium and fluoxetine significantly decreases motionless time. Table IV ).
Histopathological analysis of rat gastrointestinal contents demonstrates severe damage following modeling, which was reversed by berberine, bifidobacterium and fluoxetine. Histopathological assays demonstrated that the model group exhibited severe damage to the gastric mucosa and intestinal microvilli, as well as exhibiting a looser cell structure, mild nuclear contraction, deep staining, and inflammatory cell invasion in the stomach, ileum, cecum and colon tissues. Following low and high berberine treatment, the rat gastric mucosa and intestinal microvilli, and cells structure gradually returned to normal, presenting no inflammatory cell invasion in stomach, ileum, cecum and colon tissues, unlike following treatment with either bifidobacterium or the fluoxetine positive control ( Figs. 1-4) .
ERIC-PCR analysis comparing drug intervention groups with
the model and normal groups. ERIC-PCR was used to perform a gastrointestinal flora profile assay on the rat stomach, ileum, cecum and colon tissues. Following modeling, several distinctive bands disappeared when compared with the normal group. In addition, certain new distinctive bands appeared in the low and high berberine groups, similar to the results of the bifidobacterium and fluoxetine treatment groups. For example, two new bands appeared in the stomach tissue following modeling at ~2,000 bp and between 750 bp and 500 bp in lanes 4-6 of the model group results. Several distinctive bands appeared following treatment with low and high berberine, including a new band between 750-500 bp in lanes 1-4 following low berberine treatment, and in lanes 1-3 following high berberine treatment (Fig. 5) . Similarly, several distinctive bands appeared and disappeared in the other tissues analyzed, within the ileum (Fig. 6) , cecum ( Fig. 7) and colon (Fig. 8) . These data indicate that berberine altered the gastrointestinal flora, and may be further affected by depression. Data are presented as the mean ± standard deviation ( a P<0.05, b P<0.01 vs. the normal group). Figure 1 . Histopathology assay of a rat stomach using hematoxylin and eosin staining. Damage to rat gastric mucosa, intestinal microvilli, inflammatory cell invasion and cell structure became gradually restored to normal in the stomach following low and high berberine treatment, similar to the effects of bifidobacterium and fluoxetine, when compared with the model group (magnification, x40, x100 and x200). Figure 2 . Histopathology assay of a rat ileum using hematoxylin and eosin staining. Damage to rat gastric mucosa, intestinal microvilli, inflammatory cell invasion and cell structure became gradually restored to normal in the ileum following low and high berberine treatment, similar to the effects of bifidobacterium and fluoxetine, when compared with the model group (magnification, x40, x100 and x200). . Histopathology assay of a rat colon using hematoxylin and eosin staining. Damage to rat gastric mucosa, intestinal microvilli, inflammatory cell invasion and cell structure became gradually restored to normal in the colon following low and high berberine treatment, similar to the effects of bifidobacterium and fluoxetine, when compared with the model group (magnification, x40, x100 and x200).
Discussion
Following undergoing 10 stress methods, rat body weight and sucrose preference significantly decreased when compared with unstressed rats. This was gradually restored following graded berberine treatment. In addition, the traversing, grooming and motionless times were all increased following modeling and decreased again following graded berberine treatment. Furthermore, berberine appeared beneficial in the restoration of pathological damage to rat stomach, ileum, cecum and colon, as demonstrated using ERIC-PCR analysis.
Gastrointestinal flora is a normal microbial population that is widely distributed in living organisms, involved in the synthesis of multiple nutrients, including vitamins, proteins and metals (28) (29) (30) . A total of 10 trillion bacteria exist within the human gastrointestinal system and may be divided into three groups: Beneficial, neutral and pernicious bacteria, according to their differing functions. These functions are not only influenced by body weight, digestive ability, outstanding infection and the risk of autoimmune disease, but are also involved in the body's response to cancer therapeutic agents (28, 31, 32) . Following a disturbance to the gastrointestinal flora, diseases may emerge (33) . Gastrointestinal flora may be divided into major and minor microflora. Major microflora consist of obligate anaerobes with a large number of involved species, including bacteroides, eubacterium, bifidobacterium, ruminococci and fusobacterium, all of which influence the function of host flora and determine physiological and Several new distinctive bands appeared in the stomach assay following low and high berberine treatment, similar to that of bifidobacterium and fluoxetine, when compared with the model group. Lanes refer to the identification of the rats. pathological regulation (28, 29) . Minor microflora consist of facultative anaerobes, fewer in number and species, including Escherichia coli and streptococcus, which have high mobility and potential pathogenicity (28, 34) . Major microflora typically exist in a microhabitat with low disposal rate and highly abundant nutrients, for example, the colon (28, 32, 34) . Aerobe or facultative anaerobe typically exist in microhabitats with a higher disposal rate, for example, the proximal small intestine (35) . As gastrointestinal flora and depression have previously been linked, studying the major microflora in different orifices, particularly the change of major microflora after stress stimulation, was beneficial to prevention and treatment of these diseases.
ERIC sequences were initially discovered and named by Sharples and Lloyd (36) and described in a number of other previous studies (37) (38) (39) . Following this, Hulton et al (40) discovered ERIC sequences in the genome of Escherichia coli and the genus Salmonella, and Versalovic et al (41) designed a PCR primer using the sequence of ERIC, and established a ERIC-PCR amplification technique in the same year. This technique involves designing a PCR primer according to the highly conserved sequence of the ERIC core, subsequent amplification, followed by analysis of the ERIC-PCR profile to identify the major microflora distribution in gastrointestinal flora (41) . In the present study, the ERIC-PCR technique was selected and used to identify the variation of gastrointestinal flora in a rat model, following ten stress methods and/or drug intervention. Although several distinctive bands appeared with or without drug intervention, this method requires further analysis. Figure 6 . Gastrointestinal flora profile assay of a rat ileum using enterobacterial repetitive intergenic consensus sequence-based polymerase chain reaction. Several new distinctive bands appeared in the ileum following low berberine and high berberine treatment, similar to that of bifidobacterium and fluoxetine, when compared with the model group. Lanes refer to the identification of the rats.
Berberine is a quaternary ammonium salt from the protoberberine group of isoquinoline alkaloids, and it is present in certain plants, including Berberis vulgaris and Hydrastis canadensis (42) . Berberine was traditionally used as a medicine or dietary supplement against fungal (43) and MRSA infections (44) . Previous studies identified certain novel functions of berberine, including prevention of cardiovascular disease (45), anti-inflammatory effects (45), treatment of diabetes mellitus (46) , antidepressant effects (47) (48) (49) and neuroprotection (50) . Therefore, the present study aimed to further investigate the effects of the antidepressant effects of berberine in a rat model of chronic stress and depression. Following berberine treatment after inducing stress, rat behavior, motionless time, sucrose preference, histopathology and gastrointestinal flora profile markedly improved. The results presented indicated that berberine may serve a significant therapeutic effect in the treatments of chronic stress and depression.
The present study induced chronic stress and depression according to the results of the behavioral tests using chronic unpredictable stress methods, and identified that treatment with berberine not only provided a significant reference point for studying the mechanism of chronic stress depression, but also demonstrated a significant application in a clinical setting. Figure 8 . Gastrointestinal flora profile assay of a rat colon using enterobacterial repetitive intergenic consensus sequence-based polymerase chain reaction. Several new distinctive bands appeared in the colon following low and high berberine treatment, similar to that of bifidobacterium and fluoxetine, when compared with the model group. Lanes refer to the identification of the rats.
